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non-existent in our ease. This may be due to the presence of a number of trapped! 
modes, or the fact that the energy associated with the large number of leaky* 
modes will escape from the duct into the region above it. Of course, the decrease* 
in intensity of the duct with distance will undoubtedly result in some departure* 
from the classical picture of mode propagation in a radio duct. 

Some General Conclusions: It appears that under north-west conditions im 
Canterbury, the necessary changes of temperature and humidity near the sea 
surface are sufficient to cause very considerable superrefraction on wave-lengths- 
of 3 and 10 cm. 

The excess of upper air potential temperature over the surface temperature* 
is frequently of the order of 15-25°F. and the humidity deficit often 5 gms/kgm.- 

Although it has been our misfortune to examine only a few advective situa¬ 
tions, it would appear that the radio duct extends to at least 150 km. offshore,, 
although its effect, i.e., its ability to cause trapping of radio energy, is much 
weakened at this stage. The maximum height of the modified refractive index, 
inversion is of the order of 300-500 ft., and is attained within the first 40-60 km.. 

Obviously such figures will vary with the wind speed and wind profiles, the 
warmth and the dryness of the nor’-wester, and the sea temperature, but they 
are, we think, generally illustrative of the conditions which do occur. The situa¬ 
tion is sometimes complicated by the presence of an onshore sea breeze, but this 
is usually confined by the offshore wind to a few miles each side of the coastline,, 
and the effect on propagation is small. A more complex set of conditions is 
provided when the north-west wind is kept aloft by a north-east wind which 
may extend in height up to a thousand feet. 

It is hoped that it will be possible to obtain an accurate correlation between! 
the modified refractive index distribution and the field strength dependence on 
height. This should make possible the prediction of propagation curves for' 
different frequencies and for various advective situations, and a correct assess¬ 
ment of the modifications intiodueed by some of the simpler complicating factors- 
mentioned above. 

Acknowledgment: For the initial portion of this article, the author is 
indebted to H. G. Booker and G. G. Macfarlane, of the Telecommunications- 
Reseaich Establishment, Malvern, England. 


SOME PROBLEMS AND TECHNIQUES INVOLVED IN THE. 
RADIO-METEOROLOGICAL INVESTIGATION CONDUCTED 

IN CANTERBURY. 

By R. S. Unwix, D.S.I.R., Ashburton. 

Summary: The phenomenon of superrefraction results in the trapping of 
ultra-high frequency electromagnetic radiation close to the earth’s surface. It 
is caused by abnoimal variations of temperature and humidity in the lower 
atmospheie. lesulting in a sufficiently sliaip lapse rate of refractive index to cause 
lays to have a curvature greater than that of the earth. 

These conditions arise when warm dry air passing over a cooler sea surface 
is modified thereby, and an investigation is being conducted in Canterbury to* 
discover:— 

(a) The relationship of the distributions of refractive index in the 
atmosphere with the distribution of energy from a transmitter 
situated at various levels. 

(b) The laws governing the modification of the air mass. 

(c) A forecasting technique for determining the onset and intensity 
of superrefraction conditions from general synoptic data. 

The organization and general techniques adopted to achieve these results are 
discussed. 

Introduction: Superrefraction or anomalous propagation is a phenomenon 
associated with electromagnetic propagation in the troposphere, which has very 
nmiked and impoitant effects at the lower wave-lengths used in radar techniques*. 
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With the comparatively small degree of bending of rays in a normal atmosphere, 
one might expect to find only diffracted energy at these wave-lengths beyond 
the horizon of a transmitter, but under superrefraction conditions strong fields 
are found close to the surface far beyond the horizon, very much greater than 
could be explained by diffraction alone. 

One is led to the conclusion that a strongly reflecting or refracting layer 
exists at some distance above the earth’s surface. The ionosphere can be dis¬ 
regarded, as the frequencies with which we are dealing are high enough for 
radiation to pass straight through it. A cloud might suggest itself as a reflecting 
layer, but superrefracion is frequently observed in a perfectly clear atmosphere, 
so we are forced to assume that a strongly refracting layer at some level in the 
atmosphere is responsible for the phenomenon. 

We must first examine the normal distribution of refractive index in the 
atmosphere, determine what factors cause it to vary, and discover the variations 
under superrefraction conditions to see if they can account for the phenomenon. 

Refraction in a Standard Atmosphere: If p is the refractive index of the 
atmosphere, it is easily shown that, for small angles of elevation, the downward 

curvature of rays is given quite closely by — — or p' where p f denotes the lapse 

dh 

rate of p in the atmosphere. 1 

Near ground level the refractive index of the atmosphere at height h, down 
to wave-length of a centimeter or sq, is given by 2 . 

79 f Pq 4800Pq } 

= - 3P-f--|+1 . .. (1) 

10«T 621 G21T J 

wheie P = total pressure in millibars 

q = specific humidity in grams per kilogram 
and T = absolute temperature. 

Differentiating with respect to height, this reduces at NTP roughly to_ 

/*' = 5 X 10-* (.072P' + 1.6q' — -lit') 

where t denotes degrees Fahrenheit and P', t', and q' denote the lapse rate of 
pressure, temperature, and specific humidity. But the curvature of the earth 
is 5 X 10 radians per hundred feet, so the above is equivalent to 

/i' = K„(.24 + l.Gq' — -lit') .. .. . (2) 

is the curvature of the earth and q' and t' are expressed in grams 
per kilogram and degrees Fahrenheit per hundred feet. The term .24 arises 
irom the normal lapse rate of pressure in the lower atmosphere. 

In a standard (i.e., thoroughly mixed) atmosphere, we have 
q' = *04 gms/kgm/100 feet. 

, , _ t' = .5°F/100feet. 

so p' = i K e . 

the dow , nw f rd curvature of rays due to refraction in a standard 
atmosphere amounts to about one quarter of the earth’s curvature. The treat- 

ment of curved rays over a curved earth is 
mathematically complicated, and in calcula- 
tions on the subject the curvature of the 
earth is adjusted so that rays are straight— 
i.e., the earth is made to have a radius of 
I 4/3 its natural value. The horizon on this 

Radio new earth known as the "radio” or 

Honzon Honzon -Diffrar-* radar horizon, and in a standard atmo- 
Honzon Horton faction sphere one would expect only the weak 

7te ^ ton diffraction field beyond this horizon. 

11IG - 1—Path of Rays in Stan- Modified Refractive Index: It is con- 

dard Atmosphere over Earth venient for many purposes to consider the 
of Curvatuie f Fe. caith as flat, and apply tlie earths curva- 

. x ture to ra ys. With the flat-earth treat¬ 

ment a modified refractive is introduced, denoted by M, such that 
= — K„ .. .. .. .. 

where M' denotes the lapse rate of M. In a standard atmosphere «' eauals IK 

so M' is negative, or the gradient of M is positive with height, and ravs have 
■an upward curvature equal to J K c . ‘ 
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Fig. 2—The Distribution of Refractive Index and Path of Rays in a 
Standard Atmosphere on the Curved and Flat-earth Concepts. 

The path of lays leaving a transmitter at various angles in a standard 
atmosphere is shown in Fig. 2, on the curved and flat-earth concepts. 

Abnormal Variation of Refractive Index in the Atmosphere giving rise to 
Superrefraction: Under certain conditions, however, lapse rates of humidity and 
temperature are far from normal, and the downward curvature of rays may he 
several times greater than that of the earth. From equation (2) above it can 
be seen that a lapse rate of humidity greater than normal and a lapse rate of 
temperature less than normal or negative lapse rate of temperature (i.e., tempera¬ 
ture inversion), will give rise to a greater value of fi'. An actual case will 
illustrate this point. 

On the 24th February of this year, when a north-west wind was blowing off¬ 
shore in Mid-Canterbury, average lapse rates of temperature and humidity in 
the first 135 ft. at a point 8^ miles off the coast were 

t' = —4.3°F/100ft. 

q' = 2.4 gm/kgm/100 ft. 

which gives p f = 4-6 K e and M' = 3-6 K e in this region. 

Above this level, lapse rates were normal, so the average distribution of 
modified refractive index and the behaviour of rays from a transmitter situated 
at, say, 50 ft. is shown in Fig. 3. 

h 
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Fig. 3—The Behaviour of Rays Propagated within a Surface Duct. 

Rays leaving the transmitter at small angles of elevation are bent towards 
the earth’s surface, where they are reflected, and then by a process of continuous 
refraction they are once more returned to the surface, where they are again 
reflected. This process will continue as long as the given distribution of modified 
refractive index exists, and the energy associated with these rays will be con¬ 
centrated close to the surface of the earth and penetrate well beyond the radio¬ 
horizon. Rays propagated at other than small angles of elevation will, however, 
penetrate into the region where the lapse rate of M is normal, and will not be 
returned to the earth’s surface. 

When a negative gradient of modified refractive index occurs we have what 
is known as a "modified index inversion” or "radio duct.” Rays are said to be 
“trapped” within the duct, which is sometimes known as a "trapping layer/ 5 
An M inversion can exist only over a limited height interval, however—thus in 
the above case it extended from the surface up to 135 ft., the gradient being 
normal above this height. This type of duct is known as a “simple surface duct.” 
"Elevated” ducts exist, as shown in Fig. 4, where the lapse rate of M is normal 
above and below the inversion. 

From equation (3) it is seen that if /*' = K e then M' = O (i.e., M is 
constant with height) and rays have the same curvature as that of the earth. 
This condition is shown in Fig. 6. If M' > O, rays have a curvature greater than 
the earth. From this the usefulness of the modified refractive index concept will 
be readily appreciated. 
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Fig. 4—Elevated Duct. constant with Height. 


The case cited in Fig. 3 is simpler than that obtained in practise. A given* 
distribution of modified index with height is seldom maintained over any great, 
distance. In fact, at the same time as the case above, at a point fifty miles off¬ 
shore, the average lapse rates of temperature and humidity were such that 
p f = 1.85 and the M inversion extended up to 350 ft. from the surface. The- 
initial properties of an air mass, the distribution of wind velocity and direction 
in it, and the nature of the surface over which the air mass is moving, all 
influence the present and future distributions of refractive index over a path.- 
The problem of diseoveiing the behaviour of radiation in practise is obviously a 
complex one. 

Conditions giving rise to Superrefraction and the Importance of the Problem : 
We have seen that superrefraction occurs to a varying degree when the lapse- 
rate of humidity is greater than normal and the lapse rate of temperature is less 
than normal. These conditions are brought about when warm dry air overlies* 
cool damp air, and can occur in various ways. One of the most important is the 
advection of waim dry air over a relatively cool sea; the lower layers are cooled 
and moisture evaporates into them, bringing about the conditions for a simple- 
surface duct to fonn. 

The phenomenon of superrefraction makes itself apparent on radars by givinpr 
greatly extended ranges on targets at low levels, and this is a very important 
effect especially in war time. It became vital during the recent war to discover 
the mechanism of the phenomenon, especially under advection conditions, ami 
although a great deal of quantitative radio information was obtained, it \va* 
of little use owing largely to the number of vaiiables in the atmosphere over 
a path near the surfee. A site was required where radio-ducts could develop iit 
a steady meteorological situation, and where the distribution of modified refrac¬ 
tive index and the field strength from transmitters situated near the surface* 
could be studied in detail. 

The Fohn IF ind in Canterbury and the Launching of the Canterbury Project ? 
When a moving air-mass encounters an obstacle such as a mountain range it is- 
forced upwards, and in so doing much of the moisture condenses and is pre¬ 
cipitated, the latent heat of condensation warming the air. On the lee side of 
the obstacle the air descends, and streams out at lower levels as a hot dry wind. 
The north-west wind as developed in Canterbury, New Zealand, is of this type, 
known as a Fohn wind, and blows at all seasons of the year up to several 
days at a time. 

Fig. 6 is a map of the centre portion of the South Island of New Zealand. 
In Mid-Canterbury, at Ashburton, the plain is about thirty miles wide from the 
foot-hills to the sea, with a gentle slope clear of obstructions. 

The general direction of wind development is approximately at right angles 
to the coast-line, which is practically straight and runs in a north-east—south¬ 
west direction. The area offshore is completely clear of any obstructions, such 
as islands, to complicate the picture, and conditions are ideal for a simple surface 
duct to form in a north-west situation. There is every chance that a detailed 
study of the problem of superrefraction can he made in a steady and simple 
meteorological situation, with the minimum number of complicating factors. A 
long-term investigation, known as the “Canterbury Project” has been inaugur¬ 
ated; operations were begun towards the end of September, 1946. and will con¬ 
tinue until some time towards the end of this year. 
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| NEW ZEALAND SHOWING AREA OF OPERATIONS 

The Pioblem: Biiefly, the pioblem is threefold: 

1. To correlate the distribution of modified refractive index with the dis¬ 
tribution of field stiength in and above a radio-duct, from transmitters 
on diffeieut fi equencies situated at various levels. 

2. To study the modification of an air-mass as it moves offshore and formu- 

, late the lules governing the changes. 

3. To develop if possible a foiecasting technique for the onset, intensity 
and duiatinn of superrefraction at various frequencies under advection 
conditions, from the general synoptic situation, or from a detailed low 
level stud} 7 of the air structure at some convenient point inland. 

The hist section of the problem requires ideally an instantaneous picture of 
the conditions of the atmosphere and the distribution of field strength from 
transmitters on different wave-lengths over a path from the coast to some 
distance out to sea, of the older ot 100 miles, from the surface up to a few 
thousand feet. This is impossible to obtain in practise, but in a steady meteoro¬ 
logical situation fast-moving souices of measurement should be able to obtain a 
fairly complete and reliable picture. The second and third sections of the problem 
require successive detailed measurements of conditions in a moving air-mass, up 
to some 1,500 to 2.000 ft., as it passes over land and out to sea. Again a steady 
meteorological situation is highly desirable, since it allows some freedom in 
the timing and placing of the various observations. 

Mobile sources of measurement are essential to obtain full advantage of a 
given set of conditions without an unwieldy amount of equipment. 

General Techniques Adopted in Canterbury: Fig. 6 shows the area of opera¬ 
tions. The line runs in a north-west-south-east direction across the Canterbury 
Plains lust north of the path of the Ashburton River, and out to sea for 
about xOO miles. 
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Radar transmitters on 3 cm 10 cm., f and lolm 1 is'sttit^a 

fttU tothe north afa hrfght of abouTsS ft. above mean sea-level. Anson aircraft, 
little t fitted with receivers on these three channels which 

ijr r«p«tl.e ~l ^t.o, 

iiiiiilitgS 
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chain is obtainable from the meteorological station at Hokitika. 

Bv suitably positioning the trucks on the coast and inland, and the ship and 
^?M .'TuS'a°, structure moJUcttcn of •!,. .„•„«« «. rt move. 

“w™t“»,lrfc“ut“iil lud “linuM from » ccntr.l point * U» 

teams so that he may have at all times as complete a picture as possAle of 
the whole situation, and may consequently direct activities so that the maximum 
amount of useful information may be obtained. 

The aircraft, being the fastest moving source of measurement, covers as 
much ground as possible during the period of the flight (around two hours), and 
usually follows the type of course shown m Fig. 7. 
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made every 6 to 50 ft. or bo according to the sharpness of the gradients. 
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It can be seen with this organization and technique that, under steady 
meteorological conditions, data can be acquired which should lead to the solution 
of the problems. How far they are successful can be shown only by the examina¬ 
tion of results, some of which are described in another paper. 4 
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A RADIOSONDE METHOD FOR POTENTIAL^GRADIENT 
MEASUREMENTS IN THE ATMOSPHERE. * 

By K. Kreielsheimer, D.Ing., F.Inst.P., Department of Physics, 
Auckland University College, Auckland, New Zealand. 

, -j Summary A radiosonde method for obtaining records of potential gradient 
is described. The method is a simple modification of the Bureau of Standards 
i adio-meteorograph The factors involved in the calibration of the instrument 
a typical record obtained, and the fuither extension of the work is discussed.’ 

Inti^oduction . The distribution of land, sea and population in New 7 aa 
land-m particuiar in the Auckland district-makes itimpelltive tf r^ly on 

upn^r ^r 6 since^tb 8 ^ r ® cordm £ ? f potential-gradientdistribution il the 

upper air, since the chances of recovering any records taken within an ascend¬ 
ing instrument are extremely remote. Various types of xJio-mlteoTo^lvhs 

In thi^°connt e ^ 5 eG fv and ar f Sti11 bein 2 developed by various counfries<*>. 
n this countiy, the best-known type of radiosonde transmitting and receiving 
equipment is that evolved by the Bureau of Standards, and, as it happenf 
the transmitter appears to be the most readily convertible one for our purpose! 

° f ® t(md ?' rd . Radio-meteorograph.—In the Bureau of Standard 
ladiosonde the meteorological elements control the audio-frequency modula- 
tb ? transmitter s carrier frequency by means of resistance variation 
in the grid-circuit time constant (R-C combination) of the modulator valve. 
Disregarding the dashed lines and circles in the diagram, Fig. 1 represents 
the circuit of the transmitter as used at present. * 1 

An aneroid-barometer unit moves a switch arm over a contact assembly, 
in which every 5th resp. 15th contact is arranged to cause the emission of 
reference signals, i.e., such with a fixed audio-frequency modulation of 190 resp 
192 c/s. The remaining contacts when reached by the arm of the baroswitch 
activate a relay, connecting a hygrometer element in parallel to the grid- 
condenser of the modulator. When the baroswitch arm glides over an insulated 
spacer a temperature-sensitive resistance takes the place of the humidity- 
element. It should be noted that the contact strips are narrower than the 
insulated spacers a feature of which is made special use, as will be seen 
later thus giving with the normal meteorograph temperature indication of 
longer duration than those relating to humidity. The contact sequence is 
calibrated against pressure and since the temperature at each level is known" 
the record reveals accurately the height of the sonde at each particular instant! 

♦Paper submitted to the Sixth Science Congress, Wellington, 20 th- 23 rd May, 1947 . 



